To test the hypotheses that emerging viruses are associated with neurological hospitalizations and that statistical models can be used to predict neurological sequelae from viral infections.
| INTRODUCTION
Guillain-Barre syndrome (GBS) is a neuromotor disorder typically preceded by infection. GBS is characterized by ascendant, bilateral muscle weakness with depressed tendon reflexes. 1 Approximately 25% of GBS cases result in respiratory distress requiring mechanical ventilation. 2 Treatment involves plasma exchange or intravenous immunoglobulin.
Although the most frequent causes of GBS are Campylobacter jejuni,
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We compared a historical time series of inflammatory polyneuropathies, which included GBS, to time series of influenza, dengue virus, and Zika virus in the state of Rio de Janeiro, Brazil. Further, we analyzed medical charts of arbovirus infections that resulted in hospitalization with neurological disease. Our objectives were to explore whether epidemics of emerging viruses are associated with neurological hospitalizations in Brazil and whether models could be used to predict neurological sequelae from viral infections.
| MATERIALS AND METHODS
We carried out an ecological study in which we observed time trends in the number of hospitalizations with inflammatory polyneuropathy (ICD-10: G61) and Guillain-Barré syndrome (G61.1) in the state of Rio To quantify trends in GBS from 1997 to 2017, we compared the number of cases reported to SIH in a given month to the number the following month. We assessed whether the difference in the number of cases from 1 month to the next was significant using Farrington's outbreak rate test, which is a regression model that predicts the expected number of cases in a given month based on the history of cases in previous months. 5 Next, we evaluated the extent to which cases of GBS could be explained by cases of Zika virus and Zika + dengue virus. We used the hhh4 model for areal time series of counts in the statistical software R version 3.5. 1. 6 hh4 is a multivariate model in which the number of cases of a disease in a geographic region depends on the number of cases in the region in previous months and a neighborhood matrix that represents the probability of disease spread between regions. To prepare the data for the model, we tabulated the number of cases of GBS, Zika virus, and dengue virus per month in Rio de Janeiro's nine health districts. The number of cases of GBS in district i in month t depended on the population of i, cases of dengue virus and Zika virus in month t, the number of GBS cases in district i in month t-1, and the neighborhood matrix (supporting information Tables S1 and S2). The model included all months of the year and had sine-cosine effects of time to reflect seasonal variation in GBS incidence.
Since Zika virus and dengue virus have similar clinical presentations such
as febrile illness and rash, 7 we pooled the Zika + dengue virus cases into the category arbovirus cases. We also analyzed clinical cases of Zika virus separately from the Zika + dengue virus cases.
While the analysis of syndromic surveillance data was an ecological study in which we observed temporal trends in GBS, we also carried out a cross-sectional study to assess the cause of GBS on clinical grounds. The cross-sectional study took place in Metropolitan Area II of Rio de Janeiro because this area had the highest incidence of Zika virus in the state in 2016 ( Metro II has a population of 1.9 million and encompasses seven municipalities on the east side of the greater Rio de Janeiro metropolitan area. From 2015 to 2017, 18 hospitals in Metro II reported F I G U R E 1 Stages of the analysis. We tallied GBS cases by analyzing a hospitalization database for 1997-2017 in the state of Rio de Janeiro (see Fig. 2 ). We also reviewed charts from 2015-17 in the Metro Area II to identify cases of GBS associated with arboviruses. Abbreviations: SIH, Portuguese acronym for hospitalization database; SINAN, Portuguese acronym for notifiable diseases database; G61, ICD-10 code for inflammatory polyneuropathy; GBS, Guillain-Barré syndrome. inflammatory polyneuropathies to SIH. We requested authorization from the hospitals' research departments to review charts and received permission at eight hospitals that represented 81% of admissions for inflammatory polyneuropathies. We visited these hospitals and used the authorization number from SIH to identify each patient's chart (the same patient had more than one authorization number if hospitalized repeatedly). We transcribed the physicians' notes about clinical signs and symptoms reported by the patient. Based on this information, we used the classification system proposed by Martyn and Hughes 8 to categorize the inflammatory polyneuropathy as either diabetes, genetic disorder, infectious disease, vaccine-related, alcohol, or other etiology. We also made note of whether the patient had a lab test for chikungunya, dengue, or Zika virus.
| RESULTS
From 1997 to 2017, 1593 cases of GBS were reported in the state of Rio de Janeiro (annual average, 60 cases). Analysis of monthly GBS cases determined that there were significant increases in GBS from 1 month to the next for 3 years (Farrington test P<0.001): in 2009 (n=115 cases) contemporaneous with the introduction of H1N1 9 ; in 2013 (n=85), which coincided with an epidemic of dengue virus type 4 10 ; and in 2015 with the arrival of Zika virus (n=326) ( Fig. 3 ).
There was seasonal variation in GBS incidence with 15% fewer cases during winter. Zika virus cases were a significant variable for explaining cases of GBS (hhh4 model, t=2.23, P=0.04; supporting information Table S3 ). The data were compatible with the null hypothesis that Zika virus cases provided a good fit to the GBS cases (calibration test z=0.836, n=189, P=0.403). As noted above, due to the difficulty of distinguishing Zika virus from dengue virus, we also pooled the data into the category arboviruses. The pooled data were not significant for explaining GBS cases (hhh4 model, t=1.59, P>0.05; supporting information Table S4 ). When we compared the goodness of fit of the Zika virus and Zika + dengue virus models, the former had lower errors (mean difference=0.044, permutation test P=0.0049).
The greatest increase in GBS from 1997 to 2017 coincided with the introduction of Zika virus in 2015-2016 ( Fig. 3 ). A predictive model based on Zika virus cases explains the temporal pattern of GBS cases better than a model based on Zika + dengue virus ( Fig. 4 ). An example is the metropolitan area of the city of Rio de Janeiro (Fig. 4B ). The model based on Zika virus predicts a major increase in GBS cases, while the model based on Zika + dengue virus predicts a smaller increase.
Dengue virus did not improve the predictive accuracy of the model because there were more than 200 000 dengue virus cases from 2001 to 2010 (supporting information Fig. S2 ), but few GBS cases were reported during this period. The fit of the Zika virus model to the GBS cases is poorer for the entire state of Rio de Janeiro (Fig. 4A ) than for the metropolitan area of the city of Rio de Janeiro (Fig. 4B ).
We reviewed charts at eight hospitals, which encompassed 80 (82.3%) of the 97 admissions for inflammatory polyneuropathies. These 80 admissions corresponded to 50 patient charts because some patients were admitted repeatedly. The most frequent causes of inflammatory polyneuropathy were arboviruses (n=14, 28.0%), followed by other viruses (18.0%) ( Table 1) . Table 2 No patient was treated with plasma exchange. Five (55.6%) of the nine treated with intravenous immunoglobulin were transferred to other hospitals because the treatment was not available at the first hospital to which they were admitted. As of 2018, 12 (85.7%) of the 14 had no motor deficits, one still had facial paralysis, and one remained quadriplegic.
| DISCUSSION
While it is well established that infection with pathogens that cause inflammation can result in neuropathy, 8 accompanied by an increase in GBS, and the incidence of dengue virus was low in 2015-2016. 22 The predictive model was more accurate in the metropolitan area of the city of Rio de Janeiro, which is primarily urban, than across the whole state of Rio de Janeiro, which encompasses urban and rural areas. Poorer accuracy in rural areas could be due to less intensive epidemiological surveillance or fewer Aedes mosquitos in these areas.
Chart review indicated that suspected Zika virus cases were seldom confirmed by laboratory exams. To this extent, we can only report that patients had some type of arbovirus, but cannot determine whether it was chikungunya, dengue, or Zika virus. Differential diagnosis of Flavivirus species is complicated because commercial tests for dengue virus cross-react to Zika virus antibodies and vice versa. 23, 24 The present study has several implications for planning the treat- 
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